The RuSr 2 Gd 1.5 Ce 0.5 Cu 2 O 10-δ (Ru-1222) compounds, with varying oxygen content, crystallize in a tetragonal crystal structure (space group I4/mmm).
By now, it is widely accepted [1, 2, [4] [5] [6] [7] that the Ru moments in RuO 6 octahedra of Ru-1212/Ru-1222 order magnetically around 100-140K (T mag. ), though the exact nature of ordering is still debated [8] [9] [10] . Further, superconductivity associated with the CuO 2 planes with transition temperature (T c ) of up to 40 K [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] is observed in these compounds. Co -existence of superconductivity and magnetism in these compounds has been indirectly proved by nuclear magnetic resonance (NMR) experiments [11] . At the same time, it is worth mentioning that there exist some reports, which are against the genuine co-existence of superconductivity with magnetism in these compounds [12, 13] .
Both, the magnetic ordering temperature (T mag. ) of the Ru moments and the superconductivity (T c ) of the CuO 2 planes are expected to be controlled by the extent of Ru 4+ 
/Ru
5+ ratio in RuO 6 octahedra. The controlling of T mag is due to mixed Ru 4+ /Ru 5+ ratio and that of the T c is due to the doping of CuO 2 superconducting planes by charge transfer from RuO 6 octahedra. Oxygen content of RuO 6 octahedra or the ratio of Ru 4+ /Ru 5+ can be controlled to some extent in Ru -1222, but not in Ru-1212 [14] . Therefore, it is of prime interest to vary the oxygen content of RuO 6 octahedra , and study its effect on the T mag. and T c of the Ru -1222 compound. This is the aim of our present work . We have been successfully in controlling the T c of Ru -1222 compound from 3.5K to nonsuperconducting within the same crystallographic phase. This provided us an opportunity to compare the T c and T mag of Ru-1222. Our results indicated that both T c and T mag compete with each other.
EXPERIMENTAL DETAILS
The RuSr 2 Gd 1.5 Ce 0.5 Cu 2 O 10-δ (Ru -1222) samples were synthesized through a solid-state reaction route from RuO 2 , SrCO 3 , Gd 2 O 3 , CeO 2 and CuO.
Calcinations were carried out on the mixed powder at 1000, 1020, 1040 and 1050ºC each for 24 hours with intermediate grindings. The pressed circular pellets were annealed in air for over 48 hours at 1050ºC and are named "airannealed". One of the air-annealed pellets was further annealed in nitrogen gas
(1 atm) at 420 o C for 24 hours and subsequently cooled slowly to room temperature (named "N 2 -annealed"). X-ray diffraction (XRD) patterns were obtained at room temperature (MAC Science: MXP18VAHF 22 ; CuK α radiation).
Magnetization measurements were performed on a SQUID magnetometer (Quantum Design: MPMS -5S). Resistivity measurements under applied magnetic field s of up to 6 T were made in the temperature range of 2 to 300 K using a four-point-probe technique (PPMS Quantum Design).
RESULTS AND DISCUSSION a): X-ray diffraction and Phase formation
Both air-and N 2 -annealed Ru-1222 compounds crystallize in a tetragonal structure (space group I4/m mm) with a = b = 3.8427(7)Å and c = 28.4126(8) Å
for the former and a = b = 3.8498(3) Å and c = 28.4926(9) Å for the latter. The increase in the lattice parameters of N 2 -annealed sample indicates an overall decrease in oxygen content of the sample. X-ray diffraction patterns for both the air-and N 2 -annealed samples are shown in Fig. 1 
b): Electrical transport under magnetic field and Magnetism
The resistance versus temperature (R-T) behavior of air-annealed Ru-1222 sample in magnetic fields of 0, 3 and 6 Tesla in the temperature range of 2-300 K is shown in Fig. 2 . The resistance of the compound increases with decrease in temperature indicating its semiconducting behavior. However, in zero applied field, the compound shows a sharp drop in its resistance at around 35 K (T c onset )
with zero resistance state occurring at 3.5 K (T c (R=0) ). Rather broad superconducting transition and the low value of T c (3.5 K) point towards low carrier concentration in the air-annealed sample. It is well known that superconducting properties of Ru-1222 c an be considerably improved by annealing in oxygen under pressure [10, 16] . In fact, by annealing in 100 -atm.-O 2 , one can achieve T c of up to 40-45 K [10] . By normal pressure (1 atm.) O 2
annealing, the T c of the air -annealed sample could not be increased significantly.
In applied magnetic fields of 3 and 6 Tesla, though the normal state state is not observed under these applied magnetic fields. Magneto -resistance, (MR), defined as,
is plotted in inset of Fig.2 . T hough the observed MR% is small, it changes sign at around 180 K. being positive above 180K and negative below 180K. The sign change of MR at 180 K might be related to the magnetic structure transformation at the said temperature. We shall discuss this later after presenting magnetiz ation results. transition is observed in the whole temperature range studied (2-300 K). Further, in low temperature region, an appreciable MR is seen in this sample.
Magnetoresistance, as a function of applied field, at temperatures of 5 and 10 K, is plotted in inset of Fig. 3 . MR of >20 % is observed at 5 K in an applied field of up to 9 Tesla. At 2 K, around 20% MR is seen even in low applied field of 3
Tesla (plot not shown). The characteristic temperature T mag is weakly dependent on applied magnetic field H < 100 Oe. For H > 1000 Oe, both ZFC and FC magnetization curves are merged with each other (see inset, Fig. 4 ). In fact, no ZFC -FC branching is observed down to 2 K in 5000 Oe field. This is in general agreement with earlier reports [1, 2] . Superconductivity is not seen in terms of diamagnetic transition (T d ) in applied field of H = 100 Oe (Fig.4) . It is known that, due to internal magnetic fields, these compounds are in a spontaneous vortex phase (SVP) even in zero external field [17] . For T d < T < T c , the compound remains in a mixed state. Hence though R= 0 is achieved at relatively higher temperatures The χ-T behaviour in the temperature range of 2 to 300 K for N 2 -annealed Ru-1222 sample in an applied fields of 100 Oe, measured in both zero-fieldcooled (ZFC) and field -cooled (FC) modes, is shown in Fig. 5 . The general shape of FC and ZFC magnetization plots is similar to that for Air -annealed sample.
The interesting change is that T mag. (defined earlier) has increased to 106 K for N 2 -annealed sample. It is worth mentioning that the N 2 -annealed sample is not superconducting down to 2 K (Fig. 3 , R vs. T results).
c): Ferromagnetic component

Magnetization (M) versus applied field (H) isotherm at 5 K for air -annealed
Ru-1222 sample is shown in Fig. 6 . The magnetization starts saturating above 6
Tesla field in both directions. The M-H plot is further zoomed in applied field of -900 Oe to 900 Oe, and shown in inset of Fig. 6 . At 5 K, the returning moment (M rem ) i.e. the value of magnetization at zero returning field and the coercive filed ( H c ), i.e. the va lue of applied returning field needed to get zero magnetization, are respectively 2.50 emu/gram and 160 Oe (inset Fig. 6 ). It is known that the Gd (magnetic rare earth) in this compound orders magnetically below 2 K and Ce remains in a tetravalent, non-magnetic state, hence the M rem and H c arising from the ferromagnetic hysteresis loops do belong to Ru only.
Interestingly, for Ru -1212, the hysteresis loops are reported to be quite narrow [4, 5] . This indicates that, in Ru-1222, the ferromagnetic domains are less anisotropic and more rigid. The M-H loop at 20 K for air-annealed Ru-1222 sample is shown in Fig. 7 , which shows a decreased M rem (1emu/gram) and H c (75 Oe) compared to 5 K plot in Fig. 6 . The values of both M rem and H c decrease with T. Hysteresis loops were not seen at higher temperatures above T mag . For example, the M-H plot at 150 K is seen as completely linear with field ( Fig. 8) ,
and no hysteresis loops were visible even after zooming at low fields (inset of This plot is similar to that observed for the air-annealed Ru-1222 sample. The zoomed ferromagnetic component is shown in the inset. The interesting difference, when compared with air-annealed sample, is that M does not saturate in applied fields up to 7 Tesla. This is in contrast to the M-H plot for airannealed sample at 5 K for which M saturates in a field of 6 Tesla (see Fig. 6 ).
The M-H plot for N 2 -annealed sample is further zoomed in applied field of -900
Oe to 900 Oe, and shown in the inset of Fig 2. The air-annealed sample is superconducting with T c (R=0) of 3.5 K, while the N 2 -annealed is not superconducting down to 2 K. The N 2 -annealed sample exhibits negative magneto-resistance of up to 20% at 5 K.
3. Both air-and N 2 -annealed samples order magnetically, with T mag of nearly 100 K for the former and 106 K for the latter.
4. Both air-and N 2 -annealed samples exhibit ferromagnetic loops below T mag. The relative width of loops is more (higher M rem and H c ) for air-annealed sample compared to that of N 2 -annealed sample at a fixed temperature.
5. For air-annealed sample, the M -H behaviour at 5 K e xhibits near saturation above 6 Tesla. However, for N 2 -annealed sample, M is not saturated up to applied field of 7 Tesla.
We now discuss these results point by point. As far as the phase formation and crystallization of the two Ru-1222 samples is concern ed, it seems that there is some scope for oxygen to get released from RuO 6 octahedra while still maintaining its crystal structure. In fact, another school of thought also exists, /Ru 5+ and hence some variation in oxygen content of RuO 6 octahedra [18] . It has been reported earlier that oxygen content of Ru-1222 is tuneable to some extent by N 2 /Ar 2 annealing but not for Ru -1212 [14] . Thus it has been possible for us, in the present study, to get both air-and N 2 -annealed Ru-1222 samples in the same crystal structure.
Decreased oxygen content of N 2 -annealed sample i s indicated by increased cparameter of the sample (the exact oxygen content has not been determined).
As far as the second point is concerned, the air-annealed sample is superconducting but the N 2 -annealed sample is not. Further, the normal state conduction, though semiconducting for both samples, is relatively better for air-annealed sample. This indicates that the air -annealed sample has relatively more mobile hole -carriers than the N 2 -annealed sample. role of magnetic charge spin scattering has earlier been observed in Ru-1212, where T mag is seen clearly as a hump in resistivity measurements [4, 12] . To our knowledge this is the first observation of finding appreciable negative MR at 2K in a non-superconducting Ru-1222 compound. This is in conformity with the earlier reports of magnetic phase separation at low temperature in Ru-1222 [10, 19] .
Third point comprises of the fact that, for superconducting air -annealed sample, T mag is 100 K while the same is 106 K for non-superconducting N 2 - is responsible for the decreased superconductivity of the system. What is apparent though, is the possible competing nature of T mag. and T c .
As discussed in point 1 above, the Ru 4+ /Ru 5+ ratio in variously processed
Ru-1222 samples is supposed to be different. The amount of Ru 4+ will be higher in N 2 -annealed sample [14, 18] . T mag originates from the ordering of Ru moments 14 in RuO 6 octahedra. gives rise to increased T mag .
Fourth point says that though both compounds ha ve ferromagnetic domains at low temperatures below T mag , the characteresitc values of M rem and H c are relatively higher for air-annealed sample. Our detailed micro -structural studies earlier for Ru-1222 showed that the observed super-lattice structures due to tilt of 
SUMMARY AND CONCLUSIONS
The Ru-1222 Rutheno-cuprate compounds have been synthesized with both magneto -superconducting (air-annealed) and only magnetic (N 2 -annealed)
properties. Same crystal structure is maintained for both compounds. The Ru 
